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CROSS-REFERFNCE TO REI ATFD APPLICATION 

This application claims the benefit of and incorporates by reference in its entirety 
U.S. Provisional Application No. 60/213,386, filed on June 23, 2000, entitled "High 
Throughput Architecture For Semiconductor Processing." 
BACKGROUND OF THF INVENTION 

1. Field Of The Invention 

The present invention relates generally to semiconductor device fabrication, and 
more particularly to semiconductor wafer processing systems. 

2. Description Of The Background Art 

A typical semiconductor wafer processing system has a process module (also 
known as a "reactor" or "process chamber") for processing semiconductor wafers and 
wafer handling modules for moving the wafers in and out of the process chamber. 
Process modules are available for chemical vapor deposition, physical vapor deposition, 
etching, electro-plating/electro-fill, and other semiconductor device fabrication 
processes. For example, a chemical vapor deposition module may be used to deposit a 
film of dielectric material on a wafer. 

Wafer handling modules employ manipulators, such as robots, for transporting 
wafers between two locations of a wafer processing system. A wafer placed in a 
loading station is picked-up by a robot and goes through a series of intermediate 
chambers before reaching the process module where the wafer is processed. In a so- 
called cluster tool, these intermediate chambers may include aligners, indexers, load 



is ordinarily transferred from a load lock to a process module via an intermediate 
transfer chamber, which houses a vacuum robot for handling the wafer. 

Throughput is a measure o, the processing speed ofawafer processing system. 
5 The higher the throughput, the more wafers that can be processed within a given 
amountoftime. Thus, it is desirable to have a wafer processing system with high 

throughput. 

„ is also desirable to minimize the component count of the wafer processing 
system. Low component count not only decreases the cost of the wafer processing 
So system, but makes it more reliable as well. 

ffl SUMMARY 

The present invention relates to a high throughput architecture for a 

semiconductor wafer processing system. 
I in one embodiment, a wafer processing system has a loading station, a process 

| module, and a load ,ock adjacent to the process module. The load lock has a small 
S volume and may include integrated heating/cooling units. The load lock also has a 
wafer transfer mechanism for placing a wafer directly to the process module. 

,n one embodiment, a wafer is processed in the present wafer processing system 
by placing a wafer in a load lock; pumping down the load lock to vacuum; moving the 
20 waferdirec»ly.oaprocessmodule;andprocessing*hewa,erinthe P rocessmodu,e. 

Unlike a conventional cluster tool, the present wafer processing system does not 
have a transfer chamber between the load lock and the process module. Instead, a 
wafer is directly transferred from a load .ock to the process module using the wafer 
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transfer mechanism. Not having a transfer chamber improves the throughput of the 
wafer processing system and also lowers its complexity and component count. 

The throughput of the present wafer processing system is also improved by using 
a small volume load lock with integrated cooling/heating units. The small volume of the 
5 load lock results in fast pump down and vent cycles, while the integrated cooling/heating 
units allow for cooling/heating of a wafer while the wafer is in a load lock (i.e., the wafer 
does not have to be transferred to a separate cooling/heating station, or be ore-heated 

in a process module). 

These and other features and advantages of the present invention will be readily 
|o apparent to persons of ordinary skill in the art upon reading the entirety of this 
I disclosure, which includes the accompanying drawings and claims. 
Q RRIFF DESCRI PTION OF THE DRAWINGS 

^ FIGS. 1 A, 1 B, and 1 C show perspective views of a wafer processing system in 

| accordance with an embodiment of the present invention. 

I5 FIGS. 2A, 2B, and 2C show various views of a load lock in accordance with an 

O ■ 

\* embodiment of the present invention. 

FIGS. 3 and 4 illustrate the different flow modes of a wafer processing system in 
accordance with an embodiment of the present invention. 

FIG. 5 shows a plan view of two side-by-side wafer processing systems in 
20 accordance with an embodiment of the present invention. 

FIG. 6 schematically illustrates an arrangement for lifting a top plate above a 
process module in accordance with an embodiment of the present invention. 
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FIGS. 7A and 7C show perspective views of a process module in accordance 
with an embodiment of the present invention. 

FIG. 7B schematically illustrates the mechanical relationship between the 
components of a processing station in accordance with an embodiment of the present 
5 invention. 

The same label used in different figures indicates the same or like elements. 
nFTAII FD DESCRIPTION 

Referring now to FIG. 1A, there is shown a wafer processing system 100 in 
accordance with an embodiment of the present invention. System 1 00 includes a 
lo loading station 101 where wafers to be processed are loaded. In the present 
1 embodiment, loading station 1 01 has one or more front-opening unified pods (FOUP) 
I such as the type available from Brooks Automation, Inc. of Chelmsford, Massachusetts. 
? Loading station 101 may also be configured to accept any loader generally used in the 
| semiconductor industry including standard mechanical interface (SMIF) pods, cassette 
W5 modules, and automated guided vehicle (AGV) interfaces. 
5 An arm 111 of a robot 110 picks up a waferfrom loading station 101 and 

transfers the wafer to a load lock 120 (i.e., load lock 120A or load lock 120B shown in 
FIG. 1B). In this embodiment, robot 1 10 is a commercially available atmospheric robot 
from Brooks Automation, Inc. Other wafer handling robots may also be used. From 
20 loading station 101, the wafer enters the load lock 120 through an opening on a side of 
the load lock facing robot 110. For example, the opening of load lock 120B facing robot 
110 is shown in FIG. 1B as being vacuum sealed by a slit valve 124. It is to be noted 
that load locks 120A and 120B are mirror images of one another. Accordingly, load 
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lock 120A also has a slit valve 124 on its opening facing robot 110. Each load lock 120 
also has an opening (not shown) facing a directly adjacent process module 130. In this 
embodiment, the slit valves used to gate both openings of a load lock 1 20 are 
pneumatically actuated slit valves from VAT Holding AG of Switzerland. Other types of 
5 slit valves from other vendors may also be used. 

FIG. 2A shows a perspective, partial x-ray view of a load lock 1 20A. As 
mentioned, the following discussion regarding load lock 120A is equally applicable to 
load lock 120B. As shown in FIG. 2A, a top cover 127 goes on top of load lock 120A 
and contacts a sealant, such as an o-ring, in a groove 128 to maintain a vacuum seal. 
So During pump downs of load lock 120A to vacuum, the slit valve 124 facing robot 110 
1 (shown in FIGS. 2A and 2B as slit valve 124') and the slit valve 124 facing process 
3 m0 dule 130 (shown in FIG. 2C as slit valve 124") are pneumatically actuated to the up 
N (i.e., closed) position. 

1 Load lock 1 20A, which is a single-wafer load lock, can only accommodate one 
% wafer at a time and has a correspondingly small volume of approximately 1 0 liters. The 

2 small volume of load lock 120A helps improve the throughput of system 100 by allowing 
for fast pump down and vent cycles. Load lock 1 20A also houses a single-axis wafer 
transfer mechanism 125, which includes a carriage assembly 125-1, a ball screw 
assembly 125-2, a servo motor 125-3, a support-piece 125-4, and an end-piece 125-5. 

20 When a pedestal 1 26 is in the down position, arm 1 1 1 of robot 1 1 0 moves a wafer 

inside load lock 120A and lowers the wafer on end-piece 125-5. The middle section of 
end-piece 125-5 is "U" shaped to provide clearance for arm 1 1 1 as it lowers the wafer. 
The portion of end-piece 125-5 that supports the wafer is a wire frame and fits a cut-out 
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on pedestal 1 26. When pedesta, 126 is transitioned to the up position, the wafer 

126 to the down position. 

Ke f errin g to W a f er,ransfer m eohanis m1 25,en d ,pieoe125-5isattac h e d to 

support piece 125-4,which in turn is attached to carriage assembiy 1 25-1. Carriage 

12M via b e,t 125-6. By actuating servo motor 125-3. end-piece 125-5 is driven 
tow ards or away fro. process moduie 130 a,on g a path indicated by arrow ,06. The 

% simpler, smailer. and costs less than a typica, vacuum robot. 

0 Another waferVansfer mechanism that may also he employed in the present 

| mention is disclosed i\ommon,y-assi g ned U.S. Application No. « °" 

° JU ne 21 2001, entitled Iwr Coupied Linear Servo-Drive Mechanism," attorney 

^ docKe, no. 50544.00010, by\omas Pratt, Scott McClelland, Craig L Stevens, and 

entirety ,t is to he noted that the p\ent invention is not limited to wafer transfer 

disclosure. For example, wafer transferee en a ioad loc k 120 and process moduie 
n 30 may also be performed using a vacuumNobot located either inside the load locK 
120 or process module 130. 
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PIG 2 B shows a top view of load look 120A while FIG. 2C shows a 
coupon*, side cross-sectiona, view. Referring to FIG. 20. pedesfa, 126 includes 
an embedded channel 201 through which a coo,an« may be flown «o coo, a supported 

120 during vent eliminates the need to move the wafer toaseparate cooling stat,on, 
thereby improving the throughput of system 100. 

Awafer may also be heated while supported on P edestal126 by flowing heated 
,,uid through embedded channel 201 or, alternatively, by activating heating elements 
|o ( eg,resistors,embeddedin P edesta,12e.Thewafermaya,sobehea,edinsidethe 

1 , 0 ad lock 1 20 using other techniques inciuding by radiation. For fabrication processes 

2 req uiringthewafer,o b epre-heatedtoace rt aintemperaturep ri ortoprocess,ng, 
' H h eatingthewaferin«he,oad,oc k1 20duringpum P downfurtherimprovesthrough P utby 

eliminating the need to pre-heatthe wafer inaseparate heating station or in the process 



m 
k 

jjs module, 



20 



PIG. 2C also shows an air cylinder 203 for lowering and raising pedestal 126. 
,„side cylinder 203 is a pedestallift 204 that is fixedly attached to pedestal 126. 
Actuating air cylinder 203 moves pedestal ,if>204 and pedestal 126 in the vertical 
direction. Bellows 205 maintain a vacuum seal around pedestal lift 204. 

Besides those described herein, other suitable pedestals, load locks, and 
.echnigues for cooling/heating a wafer inside a load lock that may be employed in the 
present invention are discussed in the following commonly-assigned disclosures, which 
are incorporated herein by reference in their entirety: U.S. Paten, Application No. 



• Architecture For Maximum Throughput", filed on 
09/346 258, entitled "Wafer Processing Arch,tecture 

5 C oo,in g ,He a tln g ,AndBacKsidePa rt io,eContror, fl ledonAu g ust9,2000. 

LringtoPIO.-ndPI^A.arm^o.ohot.OpioKsupawa.rrom 

robot11 0.lns i det h e,o a d,oo k12 0, r o b ot 11 0,owersthewa f eronend-p l ece155ot 

^ the.ad.cK.Oisheingpumpeddown.inthepresentemhodimenOoadio^O 

looks Inthisemhodiment, pump 121 isadrag pump of the type ava,,a b le from BOO 
Edwa rdso fE ng,and.Otherpum P sgenera„vused f or semi— processing ma y 

j ppdestal 126 lowers the wafer on end-piece 
120 facing process module 130 » opened. Pedestal 
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.eferencotoFIG.rOliftthewaferfromend-piece 125-5. Thereafter, wafer transfer 

^facing process modu,e 130 is Cosed. As can be appreciated, there is no transfer 
chamber between the load lock 120 and process module 130. 

,n the present embodiment, process module 1 30 is a multi-station process 
mod u,e. However, in light of the present disclosure, persons of ordinary skill in the art 
wi „ appreciate that process module 130 may also be a single-station process module. 
During norma, operation, process modu,e130 is continually maintained undervacuum 
U sing a remotely located vacuum pump. In accordance with conventional nomenclature, 
f0 theterm-vacuum-generallyreferstosomeiowpressuresuitableforsemiconductor 
1 pro cessing,anddoesno,necessari,ymeanzeropress U re.Ofcourse,thespeci fi c 
| operating pressures of process moduie 1 30 and the load locks depend on specific 
i process retirements. As shown in FIG. 1A, process module 130 includes an KF (rad.o 
"n fr e q uency)ma,chunit143for m a,chingtheimpedanceof P rocessmodu,e130withthat 
| of an R Fgenera«or(notshown)sup P lyin g RFpower.o,heprocessmodu,e. Process 
5 gases are introduced into process module 130 via a multi-channel gas box 103. 
" Stil, referring to FIG. 1A. foreiine 141, and other plumbing, wiring, and frame 

supports of process module130 are located away from the vicinity o, surface 142.0 
im prove the accessibility of system 100 to maintenance personnel. Note that there is 

personnel to crawl through. 

PIG 1B showsprocessmodule130withitsto PP late133removed. Togain 

access to the inside of process module 1 30 duhng maintenance, top P late133 is raised 
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Top plate 1 33 slides up and down a shaft 601 , which is fixedly clamped to process 
m odu,e130. Con,act b etwe e nshaft601andt O ppla,e133isvla b ushin g s602. To 

shaft 601 via a nut 606 and over travel screws 607. As shaft 603 rotates, lead screw 
eo7andli m i,switches,notshown,areusedtoli m ittheran 9 eo, m otionofto P plate13, 

,n represent embodiment, the shaft and lead screw arrangement of FlG.6,s 
g, emp ,o y edontwocornersofprocessmodu,e130 g enera„vindicatedin F lG.1Aas 
I are as151. Themotor U sed«odriveshaft603is,ocatedina b rid g e152. Thespot 
1 wh ereshafts601 9 othrou g hareshownin F IG.1Basho,es15, Ascanbe 
5 a p P reciated,liftin g .opplate133fromthe,opfreesups P aceunderneat hP rocess 
O mo dule130,there by imp ro vin g theaccessibi,ityofs y stem100tomaintenance 



Ife personnel. 

P As mentioned, process module 1 30 has an opening, facing lead locK 1 20A and 

an o,heropening,acin g ,oad,oc k 1 2 0B. Referrin g to FIG. 1B, a wafer enterin g process 
m odule130fromaload,ocK120 is firs, placed on processing station 131A and 

20 perspective view of process module 130. In FIG. 7A, top plate 1 33 is drawn using 
, misib ,e",inestoallowviewingofthe processing stations. Each station 131 has a 
corresponding shower head 705 for introducing process gases overhead a wafer. Only 
the shower head 705 above station 131Ais drawn for the sake of clarity. 
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S t i„r e fer ri n g toF,G.7A,eac h station131hasacar ri ernng 702andaprocess 
pedes,a,703. 

fr ee,y surrounds process pedestal 703 and can thus be moved up and down. An index 
p,ate 70! supportseach carriers 702 from underneath. FIG. 1C, which shows 

Oration purposes, provides another view o, index plate 70t and carrier rings 702. 

PIG 7B which is not to scale, shows a cross sectional diagram schematically 
iUustrating the mechanical relationship between the components of a station 131. Note 
that the insidediametero, carrier ring 702 is smaller than the diameter of a wafer 706 
| (eg 300 m mwafer)restingonpedes,al70,Tomoveawaferfromone P rocessing 
1 ^ to ^;^P^701 ft an^ to *e U ppo^.«tec«*r rt n g 702. 
8 whi chin,urn,iftswafer706.,ndexplate701thenrotateswafer706(andthecarrierring 
5 7 02supportingthewafer)tothenex,processingstation,and,owers«orestwafer706 
I onthenextpedesta.703. In the present embodiment, index plate 701 contacts a earner 
I ring 702 on three places shown in FIG. 7A as contact points 708 using station 1 31B as 
° an example (also see contact points 708 in FIG. 7C>. In FIG. 7A, center portion 707 
generally indicates the spot where a conventional lifting and rotating mechanism (not 
shown) contacts and actuates index plate 701 . Other arrangements for moving wafers 

20 from the efficacy of the present invention. 

PIG 7C shows station 131 A with its pedestal 703 and carrier ring 702 removed 

.neaddition ofimpins 709 in station 131A. Lift pins 709 protrude through holes (not 



- 11 " 



shown) in pedestal 703 to « a wafer from wafer transfer mechanism 125. Once the 
waferhas been lifted from wafer transfer mechanism 125, lift pins 709 iower the wafer 

using carrier rings 702 and index plate 70V After the wafer has been processed on all 

plate 701 Wafer transfer mechanism 125 then enters process module 130 and ,s 
positionedbe,owthewafe,Uftpins709lowersthewaferonwafertransfermechan,sm 

,25 which then retracts to its load lock 120. In FIG. 7C. the opening of process 

' module 1 30 facing load lock ,20A is denoted as opening 704. As mentioned, another 

% such opening faces load lock 120B. 

1 System 100 also includes a processor (not shown), such as an industrial grade 

I P ersona,compu,er,,hatise«^^ 

5 m ^wn). The data acguisition and control system conventionally monitors and 
S contro,sthevariouscontrole,ementofsys,em100suchasmotors,robots,heaters, 

| pumps, sensors, actuators, relays, transducers, robots, valves, interlocks, etc. „ ,s to 
5 be noted that computer programs for directing the control elements of a wafer 
processing system to perform a particular task, in genera,, are known in the art. 
A power box 102 shown in FIG. 1A plugs into a standard power source and 

provides power to system 100. 
20 in one embodiment, system 100 can be run in bi-directional flow mode or 

unidirectional flow mode, illustrated with reference to the plan views of FIG. 3 and F,G. 
4 respectively. In FIGS. 3 and 4, the top covers of system 100 are removed for clarity 
of illustration. Also, bi-directiona, arrows denote that wafers can travel in either direction, 
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example, the bi-directiona, arrows between robot 1 10 and loading station 101 in FIG. 3 
denote that robot 110 can transport a wafer to and from loading station 101. As another 
example, unidirectional arrow 305 between stations 131B and 131C denotes that a 
5 W afer,rave,s from station 131B to station 1 31 C, but not the other way around. 

,„ bi-directional flow mode, robot 1 10 can place or remove a wafer from e,ther 
loa d,ock,whicheverisavai,ab,e. This is indicated by the bi-directiona, arrows from 
rob0 , 110 to load locks 120A and 120B as shown in FIG. 3. An example wafer 
processing sequence in bi-directiona, flow mode is now described. A wafer in either 
| pod of loading station 101 (bi-directional arrows 301 A and 301 B) is picked up by robot 
1 no for transfer to either load lock 120A or 120B, whichever is available. If load lock 
1 12 0Aisavailab,e,itsopenin g ,acin g robo.110isopened«oal,owarm111ofrobot110 
^ tor estthewaferonwafertransfermechanism125(bi-directionalarrow302). After 
| rob o t 110re,rac,sfromloadlock120A,pedestal126lif.s.hewaferfromwafer,rans,er 
% mechanism 125. Load lock 120A is sealed (i.e., a„ load lock openings are closed) and 
5 pumped down to vacuum. When the pressures in load ,ock 1 20A and process module 
13 0 are equalized, pedestal 126 lowers the wafer on wafer transfer mechanism 125and 
the opening of load ,ock120A facing process modu,e130 is opened. Wafer transfer 
onanism 125 then moves the wafer over station 131A (bi-directiona, arrow 303). L,ft 

load ,ock120A.Thereafter,,iftpins109 lower the wafer on pedesta, 703 of station 
131A. and the opening of load ,ock 120A facing process module 130 is closed. 



.onee.bodi.entinvolvingthedepooitionofminf.ln.dielec.ric.ateriais, 
stati on 1 31A i scon fig u redtoh ea t ,ewa f e rb v,forexa m p te , fl ow i n g a h eaUon dU c ti n g 

each process station. Fro. station 131 A, the wafer is then processed at stat,ons 
n81B 131C and 131D (unidirectional arrows 304, 305, and 306, respectively) before 
b ei ng transferred bac k to station 1 31 A (unidirectional arrow 307, and rested on lift pins 

I facing processmodule130isopened.oa„owwa,er,ransfermechanism125,obe 
i posi , i0 ned U ndernea,hthewa,e, L ift pins 709 lower the wafer onto wafer transfer 

1 op enin g fa C in g process m od U ,e 1 30isc,ose d ,andthewaferis,i ft edfro m wafertran^ 

| m echanism125bypedes,a,126. Lo ad locK 120A is then vented to atmosphenc 

S pressur ewhi,e,hewafer i scoo,edb y pedesta,126bv fl owi ng acoolantini,se mb edded 

channel 201 <seeFK,2C>. After load ,oc k 120A is vented, pedestal 1 26 lowers the 
wafe r onto wafer transfer mechanism 125, and the openin, of load locK 120Afacin 9 
robo t110is opened to allow robot 110 to picK-up the wafer (bi-directiona, arrow 302). 

arrows 301 A and 301 B). 

,n onidirectional flow mode, one load locK is desi g nated for transferrin, incom.ng 
wafers from loadin, station 101 to process modu,e130 while another load ,oc k ,s 
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designated for transferring outgoing wafers from process module 130 to .ceding station 
101 Referring to FIG. 4, there is shown a plan view of system 100 configured for 
unidirectional flow mode. In FIG. 4, load lock 120B accepts incoming wafers from 
ioading station 101 (unidirectional arrow 341). Depending on the fabrication process, 
5 the wafer may be heated on pedestal 126 while the pressure in load lock 120B is 
equalized to that of process module 130. By pre-heating the wafer in load lock 120B, 
station 131Aofprocess module 130 is freed up for use as a deposition station. Further, 
pre-heating the wafer in load lock 120B improves the throughput of system 100 by 
eliminatingtheneedtotransferthewafertoaseparatelylocatedheatingstationorthe 

| need to spend time being pre-heated in station 1 31 A. The wafer from load lock 1 20B ,s 
1 th en P rocesseda,stations131A(unidirec,iona,arrow342),131B,131C,and131D 

1 before being returned back to station 131A. From station 131 A, the newly processed 
5 wafer coming ou, of process module 1 30 is transferred to load lock 1 20A (unidirectiona, 
5 arrow 343), which cools the wafer with its pedesta, 126 while venting. Thereafter, the 
| wafer is picked up by robot 110 (unidirectional arrow 344) and returned to a pod in 

2 loading station 101. 

Except for the use of station 1 31 A as a deposfcon station and the unidirectional 
flow of wafers through load locks 120A and 120B in unidirectional flow mode, the 
operation of system 100 in bi-directional and unidirectional flow modes is otherwise the 
20 same. In light of the present disclosure, persons of ordinary skill in the art can 
appreciate that the movement of wafers in system 100 is not limited to the 
aforementioned flow modes and can be tailored to meet specific requirements. 
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sin' 
the same 
same 
the 



the sake of clarity, the just described examples illustrate the processing of a 

lc time an outgoing wafer is being cooled in load lock 120A. As another example, 
,oad locks 120 can be synchronized such thatawafer is transferred from load lock 
120 B to station 131Aatthe same time another wafer is being transferred from station 
13 1A«oload,ock120A. Further, the movement of wafers in process module 1 30 can 
be clockwise or counter-clockwise. 

As is evident from the foregoing, system 1 00 is capable of continuous processing 

1 and 120B, allowing process module 130 to be maintained at a predetermined pressure 

! during norma, operation. That is, process module 1 30 can continuously process wafers 

5 without having to perform pump down and vent cycles. The continuous processing 

5 capabi,ityofsystem100co m binedwi.h,hesma,lvo,ume,adiacencyto,heprocess 

I module, and integrated heating/cooling units of load locks 120A and 120B result in a 
S throughput limited only by process time. 

Because a wafer is transferred from a load lock directly to the process module 
and vice versa, an intermediate chamber (e.g., transfer chamber) between the load 
, cks and the process module is not retired. This not only improvesthe throughput of- 
20 thepresen,wafer P rocessingsystem,butalsolowersitscost,com P lexity,andfootpnnt 

aswe ,, The reduced footprint of the present wafer processing system is demonstrated 
with reference totheplanviewofFIG., In one embodiment, a system 100 conf,gured 
tor 300mm wafers has a dimension D1 of about 62 inches and a dimension D2 of about 



-16- 



1 




106 inches. Placing two system 100s side-by-side results in a dimension D3 of about 
126 inches. Note that a wide maintenance aisle between two system 100s is not 
required because there is ample room for a maintenance person to work in the area 
generally enclosed by area 502. 
5 An architecture for a high throughput wafer processing system has been 

disclosed. The architecture may be employed in its entirety, or selectively using any of 
its individual features. Further, while specific embodiments have been discussed, it is to 
be understood that these embodiments are provided for illustration purposes and not 
limiting. Many other embodiments in accordance with the teachings of this disclosure 

.|o will be readily apparent to persons of ordinary skill in the art. Thus, the present 

ffl invention is limited only by the following claims. 

5 

fy 
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